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(57) ABSTRACT

A waveguide of a 3D interconnection structure and an
optical data bus system of a 3D interconnection structure
using the same are provided. The waveguide includes a main
waveguide which is formed in a predetermined direction and
at least one branch waveguide which connects to the main
waveguide to form a predetermined angle, wherein the at
least one branch waveguide branches an optical signal,
which is propagated in the main waveguide, at a predeter-
mined rate.

10 Claims, 2 Drawing Sheets
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1
3-DIMENSIONAL OPTICAL
INTERCONNECTION STRUCTURE USING
BRANCHED WAVEGUIDES

CROSS-REFERENCE TO RELATED
APPLICATIONS

A claim for priority under 35 U.S.C. §119 is made to
Korean Patent Application No. 10-2014-0050297 filed Apr.
25, 2014, in the Korean Intellectual Property Office, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

Embodiments of the inventive concepts described herein
relate to a 3-dimensional (3D) optical interconnection struc-
ture, and more particularly, to a waveguide of a 3D inter-
connection structure including a main waveguide and branch
waveguides which branch an optical signal and power which
are propagated in the main waveguide and an optical data
bus system of a 3D interconnection structure using the same.

Most data interconnection between multi-chips, such as
between a central processing unit (CPU) and a memory,
depends on an electric data bus system. However, there is a
limit in a signal transmission speed due to serious power
dissipation in an electric transmission line and a cross-talk
by interference between transmission lines.

To improve this, a conventional optical data bus system
using not electric connection but an optical signal is pro-
posed. U.S. Pat. No. 8,526,816 discloses a structure for
increasing a signal transmission speed using an optical data
bus without interference between channels.

However, the conventional optical data bus system uses a
reflector or an optical grating coupler to branch an optical
signal. There is a disadvantage in that additional optical loss
occurs due to low coupling efficiency and a large alignment
error in connection between the optical grating coupler and
a waveguide.

It is needed to provide an optical data bus system of a 3D
interconnection structure without loss and an alignment
error by optical coupling by additionally locating branch
waveguides, each of which forms a small angle, on a
conventional waveguide.

SUMMARY

Embodiments of the inventive concepts provide an optical
data bus system of a 3D interconnection structure which is
an optical splitting structure suitable for multi-channel and
multi-stage optical signal branch in optical interconnection
between multi-chips and does not generate additional optical
loss other than optical loss in waveguide branch points in the
optical signal branch.

Embodiments of the inventive concepts provide a wave-
guide of a 3D interconnection structure, including a main
waveguide and at least one branch waveguide connected to
the main waveguide, and an optical data bus system of a 3D
interconnection structure using the same.

One aspect of embodiments of the inventive concept is
directed to provide a waveguide of a 3-dimensional inter-
connection structure. The waveguide may include a main
waveguide which is formed in a predetermined direction and
at least one branch waveguide which connects to the main
waveguide to form a predetermined angle, wherein the at
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least one branch waveguide branches an optical signal,
which is propagated in the main waveguide, at a predeter-
mined rate.

The predetermined rate at which the optical signal is
branched may be adjusted based on the predetermined angle
at which the at least one branch waveguide connects to the
main waveguide.

The at least one branch waveguide may connect to the
main waveguide in one of horizontal and vertical directions
of the main waveguide to form the predetermined angle.

The main waveguide or the at least one branch waveguide
may be made of polymer material and the predetermined
angle may be an angle of 20 degree or less.

The main waveguide or the at least one branch waveguide
may be made of semiconductor material and the predeter-
mined angle may be an angle of 60 degree or less.

The at least one branch waveguide may connect to the
main waveguide and another waveguide, which is different
from the at least one branch waveguide, or at least one of at
least one chip in at least one of horizontal and vertical
directions of the main waveguide.

Another aspect of embodiments of the inventive concept
is directed to provide an optical data bus system of a
3-dimensional interconnection structure. The optical data
bus system may include a plurality of main waveguides
which are formed in a predetermined direction to propagate
an optical signal generated from at least one light source, a
plurality of branch waveguides which connect to the plu-
rality of main waveguide to form predetermined angles, and
a plurality of chips which connect to the plurality of branch
waveguides in at least one of horizontal and vertical direc-
tions of the plurality of main waveguides, wherein the
plurality of branch waveguides branch the optical signal at
predetermined rates and transmit the optical signals, which
are branched at the predetermined rates, to the plurality of
chips.

The predetermined angles at which the plurality of branch
waveguides connect to the plurality of main waveguides
may be set to be different from or be the same as each other
with respect to each of the plurality of main waveguides.

The predetermined rates at which the optical signal is
branched may be adjusted based on the predetermined
angles at which the plurality of branch waveguides connect
to the plurality of main waveguides.

The plurality of branch waveguides may connect to the
plurality of main waveguides in one of horizontal and
vertical directions of the plurality of main waveguides to
form the predetermined angles.

BRIEF DESCRIPTION OF THE FIGURES

The above and other objects and features will become
apparent from the following description with reference to
the following figures, wherein like reference numerals refer
to like parts throughout the various figures unless otherwise
specified, and wherein

FIG. 1 is a drawing illustrating a waveguide of a 3D
interconnection structure according to an exemplary
embodiment of the inventive concept;

FIG. 2 is a drawing illustrating a waveguide of a 3D
interconnection structure and chips connected to the wave-
guide according to an exemplary embodiment of the inven-
tive concept;

FIG. 3 is a pictorial drawing illustrating an optical data
bus system of a 3D interconnection structure according to an
exemplary embodiment of the inventive concept; and



US 9,477,044 B2

3

FIG. 4 is a side cross-sectional view illustrating an optical
data bus system which is connected from a first main
waveguide and branch waveguides of the first main wave-
guide, which are shown in FIG. 3, according to an exem-
plary embodiment of the inventive concept.

DETAILED DESCRIPTION

Embodiments will be described in detail with reference to
the accompanying drawings. The inventive concept, how-
ever, may be embodied in various different forms, and
should not be construed as being limited only to the illus-
trated embodiments. Rather, these embodiments are pro-
vided as examples so that this disclosure will be thorough
and complete, and will fully convey the concept of the
inventive concept to those skilled in the art. Accordingly,
known processes, elements, and techniques are not
described with respect to some of the embodiments of the
inventive concept. Unless otherwise noted, like reference
numerals denote like elements throughout the attached
drawings and written description, and thus descriptions will
not be repeated. In the drawings, the sizes and relative sizes
of layers and regions may be exaggerated for clarity.

Hereinafter, a description will be given in detail for
exemplary embodiments of the inventive concept with ref-
erence to the accompanying drawings. However, the inven-
tive concept is not limited to exemplary embodiments
described below or depicted in the drawings. Also, the same
reference numerals shown in each of drawings represents the
same members, respectively.

FIG. 1 is a drawing illustrating a waveguide of a 3D
interconnection structure according to an exemplary
embodiment of the inventive concept. In more detail, FIG.
1 illustrates the waveguide of the 3D interconnection struc-
ture in which one optical signal is split into optical signals
in multi-stages.

Referring to FIG. 1, the waveguide of the 3D intercon-
nection structure may include a main waveguide 110 and at
least one branch waveguide, that is, first and second branch
waveguides 120 and 130.

Herein, the main waveguide 110 may split and transmit
optical signals 111 to 113 in a predetermined direction by
being formed in the predetermined direction. Herein, the
main waveguide 110 may propagate the optical signals 111
to 113 by connecting to a light source or at least one of other
waveguides in which the optical signals 111 to 113 trans-
mitted from the light source are transmitted.

The at least one branch waveguide 120 and 130 connects
to the main waveguide 110 to form each of predetermined
angles 121 and 131. Herein, the at least one branch wave-
guide 120 and 130 may branch the optical signals 111 and
112, which are propagated in the main waveguide 110, at a
predetermined rate in stages by connecting to the main
waveguide 110 to form each of the predetermined angles
121 and 131.

Accordingly, the predetermined rate at which the optical
signals 111 and 112 are branched may be adjusted based on
each of the predetermined angles 121 and 131 at which the
at least one branch waveguides 120 and 130 connects to the
main waveguide 110.

For example, a rate at which the optical signal 111 is split
to the first branch waveguide 120 and the main waveguide
110 in a first branch point where the first branch waveguide
120 connects to the main waveguide 110 may be adjusted
according to the predetermined angle 121 at which the first
branch waveguide 120 connects to the main waveguide 110.
Also, a rate at which the optical signal 112 is split to the
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second branch waveguide 130 and the main waveguide 110
in a second branch point where the second branch wave-
guide 130 connects to the main waveguide 110 may be
adjusted according to the predetermined angle 131 at which
the second branch waveguide 130 connects to the main
waveguide 110.

In more detail, for example, if the first branch waveguide
120 connects to the main waveguide 110 at an angle of 4
degree, the optical signal 111 input from the light source is
branched at a rate of 2 to 1 (the main waveguide 110 to the
first branch waveguide 120) in the first branch point where
the first branch waveguide 120 connects with the main
waveguide 110. Accordingly, the optical signal 112 having
an intensity corresponding to a rate of about 66% of the
optical signal 111 input from the light source may be
propagated in the main waveguide 110 after the first branch
point. Also, a first optical signal 122 having an intensity
corresponding to a rate of about 33% of the optical signal
111 input from the light source may be propagated in the first
branch waveguide 120. Thereafter, if the second branch
waveguide 130 connects to the main waveguide 110 at a
smaller angle than that of the first branch point, the optical
signal 112 which is propagated in the main waveguide 110
after the first branch point is branched at a rate of 1 to 1 (the
main waveguide 110 to the second branch waveguide 130)
in the second branch point where the second branch wave-
guide 130 connects with the main waveguide 110. Accord-
ingly, the optical signal 113 having an intensity correspond-
ing to a rate of about 33% of the optical signal 111 before the
first branch point may be propagated in the main waveguide
110 after the second branch point. Also, a second optical
signal 132 having an intensity corresponding to a rate of
about 33% of the optical signal 111 before the first branch
point may be propagated in the second branch waveguide
130. The optical signal 111 which is propagated in the main
waveguide 110 may be split into the optical signals 122,132,
and 113 having the same level in three directions therefrom.

As such, the predetermined angle 121 at which the first
branch waveguide 120 connects to the main waveguide 110
may be determined according to a rate between the first
optical signal 122 to be propagated in the first branch
waveguide 120 and the optical signal 112 to be propagated
in the main waveguide 110 after the first branch point. Also,
the predetermined angle 131 at which the second branch
waveguide 130 connects to the main waveguide 110 may be
determined according to a rate between the second optical
signal 132 to be propagated in the second branch waveguide
130 and the optical signal 113 to be propagated in the main
waveguide 110 after the second branch point. Herein, the
intensity of each of the optical signals 122 and 132, which
are branched to the first branch waveguide 120 and the
second branch waveguide 130, respectively, may be deter-
mined according to predetermined intensity which may be
recognized by a photodetector. For example, the optical
signals 122 and 132 may be branched to the first branch
waveguide 120 and the second branch waveguide 130,
respectively, such that the intensity of each of the optical
signals 122 and 132 which are branched to the first branch
waveguide 120 and the second branch waveguide 130,
respectively, is stronger than the predetermined intensity
which may be recognized by the photodetector.

Also, the at least one branch waveguide 120 and 130 may
connect to the main waveguide 110 in at least one of
horizontal and vertical directions of the main waveguide 110
to form each of the predetermined angles 121 and 131. For
example, the at least one branch waveguide 120 and 130
may connect to the main waveguide 110 in the horizontal
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direction (2D) of the main waveguide 110 to be located on
the one plane with the main waveguide 110. In this case,
FIG. 1 may be a drawing illustrating a top view of a
waveguide of a 3D interconnection structure. On the other
hand, the at least one branch waveguide 120 and 130 may
connect to the main waveguide 110 in the vertical direction
(3D) of the main waveguide 110. In this case, FIG. 1 may be
a drawing illustrating a side view of a waveguide of a 3D
interconnection structure.

Also, the predetermined angles 121 and 131 at which the
at least one branch waveguide 120 and 130 connects with the
main waveguide 110 may be determined as a variety of
angles according to a structure, a refractive index distribu-
tion, and an optical mode distribution of the main waveguide
110 to use characteristics in which the optical signals 111
and 112 which are propagated in the main waveguide 110 are
evanescent-wave-coupled to light output to the at least one
branch waveguide 120 and 130. For example, if core and
clad material of each of the main waveguide 110 and the at
least one branch waveguide 120 and 130 is typically used
polymer material (its refractive index is usually about 1.3 to
1.7), when an optical signal of a single transverse mode is
transmitted, an angle of the at least one branch waveguide
120 and 130 may be an angle of 20 degree or less. If core
material of each of the main waveguide 110 and the at least
one branch waveguide 120 and 130 is semiconductor mate-
rial (its refractive index about 3 to 4) such as silicon, and if
clad material thereof is a medium such as air, silicon oxide,
or silicon nitride (its refractive index is usually about 1 to 2),
when an optical signal of a single transverse mode is
transmitted, an angle of the at least one branch waveguide
120 and 130 may be an angle of 60 degree or less.

Also, at least one chip may connect to the at least one
branch waveguide 120 and 130 in at least one of the
horizontal and vertical directions of the main waveguide
110. Therefore, an optical data bus system of a 3D inter-
connection structure may be configured using the above-
described waveguide of the 3D interconnection structure. A
description will be given below in detail for this.

FIG. 2 is a drawing illustrating a waveguide of a 3D
interconnection structure and chips connected to the wave-
guide according to an exemplary embodiment of the inven-
tive concept.

Referring to FIG. 2, chips 240 and 250 may connect to at
least one branch waveguide 220 and 230, which is included
in the waveguide of the 3D interconnection structure accord-
ing to an exemplary embodiment of the inventive concept,
in at least one of horizontal and vertical directions of a main
waveguide 210 in stages.

For example, in case of the waveguide of the 3D inter-
connection structure in which the chips 240 connect thereto
horizontally, the chips 240 may connect to the at least one
branch waveguide 220 in the horizontal direction of the
main waveguide 210. On the other hand, in case of the
waveguide of the 3D interconnection structure in which the
chips 250 connect thereto vertically, the chips 250 may
connect to the at least one branch waveguide 230 in the
vertical direction of the main waveguide 210.

Herein, optical signals which are propagated in the at least
one branch waveguide 220 and 230 after an optical signal
which is propagated in the main waveguide 210 is branched
may be transmitted to the chips 240 and 250.

Also, although it is not shown in FIG. 2, the main
waveguide 210 and other waveguides which are different
from the at least one branch waveguide 220 and 230 may
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connect to the at least one branch waveguide 220 and 230
according to an exemplary embodiment of the inventive
concept.

FIG. 3 is a pictorial drawing illustrating an optical data
bus system of a 3D interconnection structure according to an
exemplary embodiment of the inventive concept. In more
detail, FIG. 3 illustrates a 3D structure of an optical data bus
system of a multi-channel and multi-stage 3D interconnec-
tion structure.

Referring to FIG. 3, the optical data bus system of the 3D
interconnection structure according to an exemplary
embodiment of the inventive concept may include a plurality
of main waveguides 310 which connect in parallel, a plu-
rality of branch waveguides 320, and a plurality of chips
330.

Herein, each of the plurality of main waveguides 310 may
be formed in a predetermined direction to propagate an
optical signal, which is generated from at least one light
source, in parallel.

The plurality of branch waveguides 320 may branch
optical signals, each of which is propagated in correspond-
ing one of the plurality of main waveguides 310, at prede-
termined rates by connecting to the plurality of main wave-
guides 310 to form predetermined angles. Herein, the
plurality of branch waveguides 320 may connect to the
plurality of main waveguides 310 in at least one of hori-
zontal and vertical directions of the plurality of main wave-
guides 310 to form predetermined angles.

For example, the plurality of branch waveguides 320 may
connect to the plurality of main waveguides 310 in the
horizontal direction (2D) of the plurality of main wave-
guides 310 to be located with the plurality of main wave-
guides 310 on the same plane. Also, the plurality of branch
waveguides 320 may connect to the plurality of main
waveguides 310 in the vertical direction (3D) of the plurality
of main waveguides 310. FIG. 3 illustrates when the plu-
rality of branch waveguides 320 connect to the plurality of
main waveguides 310 in the vertical direction of the plural-
ity of main waveguides 310.

The plurality of chips 330 may connect to the plurality of
branch waveguides 320 in at least one of the horizontal and
vertical directions of the plurality of main waveguides 310.
Accordingly, optical signals which are branched at prede-
termined rates by the plurality of branch waveguides 320
may be transmitted to the plurality of chips 330. Herein, the
plurality of chips 330 may be configured as a chipset.

Also, as predetermined rates at which optical signals are
branched in branch points where the plurality of branch
waveguides 320 connect with the plurality of main wave-
guides 310 may be adjusted based on predetermined angles
at which the plurality of branch waveguides 320 connect to
the plurality of main waveguides 310, optical signals trans-
mitted to the plurality of chips 330 may also be controlled.
Herein, the predetermined angles at which the plurality of
branch waveguides 320 connect to the plurality of main
waveguides 310 may be determined as a variety of angles
according to structures, refractive index distributions, and
optical mode distributions of the plurality of main wave-
guides 310 to use characteristics in which the optical signals
which are propagated in the plurality of main waveguides
310 are evanescent-wave-coupled to light output to the
plurality of branch waveguides 320. For example, if core
and clad material of each of the plurality of main wave-
guides 310 and each of the plurality of branch waveguides
320 is typically used polymer material (its refractive index
is 1.3 to 1.7), when an optical signal of a single transverse
mode is transmitted, an angle of each of the plurality of
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branch waveguides 320 may be an angle of 20 degree or less.
If core material of each of the plurality of main waveguides
310 and each of the plurality of branch waveguides 320 is
semiconductor material (its refractive index 3 to 4) such as
silicon, and if clad material thereof is a medium such as air,
silicon oxide, or silicon nitride (its refractive index is 1 to 2),
when an optical signal of a single transverse mode is
transmitted, each of the plurality of branch waveguides 320
may be an angle of 60 degree or less.

Herein, the predetermined angles at which the plurality of
branch waveguides 320 connect to the plurality of main
waveguides 310 may be set to be different from or be the
same as each other with respect to each of the plurality of
main waveguides 310 to adjust rates at which optical signals
are branched. For example, a predetermined angle at which
a first branch waveguide 321 connects to a first main
waveguide 311 may be different from or be the same as a
predetermined angle at which a third branch waveguide 322
connects to a third main waveguide 312. Accordingly,
optical signals transmitted to chips connected to the plurality
of branch waveguides 320 may be different from each other
or be the same as each other.

Also, when other branch waveguides connects to the first
main waveguide 311 in addition to the first branch wave-
guide 321, the predetermined angle at which the first branch
waveguide 321 connects to the first main waveguide 311
may be different from or be the same as predetermined
angles at which the other branch waveguides other than the
first branch waveguide 321 connect to the first main wave-
guide 311. A description will be given in detail for this with
reference to FIG. 4.

FIG. 4 is a side cross-sectional view illustrating an optical
data bus system which is connected from a first main
waveguide and branch waveguides of the first main wave-
guide, which are shown in FIG. 3, according to an exem-
plary embodiment of the inventive concept.

Referring to FIG. 4, a plurality of branch waveguides, that
is, first to fourth branch waveguides 420, 430, 440, and 450
may connect to a first main waveguide 410 according to an
exemplary embodiment of the inventive concept.

For example, each of the first branch waveguide 420, the
second branch waveguide 430, the third branch waveguide
440, and the fourth branch waveguide 450 may connect to
the first main waveguide 410 to form a predetermined angle.

Herein, an angle of the first branch waveguide 420
connected to the first main waveguide 410, an angle of the
second branch waveguide 430 connected to the first main
waveguide 410, an angle of the third branch waveguide 440
connected to the first main waveguide 410, and an angle of
the fourth branch waveguide 450 connected to the first main
waveguide 410 may be different from or be the same as each
other to adjust rates at which optical signals are branched.

Therefore, an optical signal transmitted to a first chip 421
connected to the first branch waveguide 420, an optical
signal transmitted to a second chip 431 connected to the
second branch waveguide 430, an optical signal transmitted
to a third chip 441 connected to the third branch waveguide
440, and an optical signal transmitted to a fourth chip 451
connected to the first branch waveguide 450 may be different
from or be the same as each other.

Therefore, the optical data bus system of the 3D inter-
connection structure according to exemplary embodiments
of the inventive concept which may be an optical splitting
structure suitable for multi-channel and multi-stage optical
signal branch in optical interconnection between multi-chips
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and may not generate additional optical loss other than
optical loss in waveguide branch points in the optical signal
branch.

Also, the waveguide of the 3D interconnection structure
and the optical data bus system of the 3D interconnection
structure using the same according to exemplary embodi-
ments of the inventive concept may include the main wave-
guide and the at least one branch waveguide connected to the
main waveguide.

Also, the waveguide of the 3D interconnection structure
and the optical data bus system of the 3D interconnection
structure using the same according to exemplary embodi-
ments of the inventive concept may branch the optical
signal, which is propagated in the main waveguide, at the
predetermined rate by connecting the at least one branch
waveguide to the main waveguide to form the predetermined
rate.

While a few exemplary embodiments have been shown
and described with reference to the accompanying drawings,
it will be apparent to those skilled in the art that various
modifications and variations can be made from the foregoing
descriptions. For example, adequate effects may be achieved
even if the foregoing processes and methods are carried out
in different order than described above, and/or the afore-
mentioned elements, such as systems, structures, devices, or
circuits, are combined or coupled in different forms and
modes than as described above or be substituted or switched
with other components or equivalents.

Therefore, other implements, other embodiments, and
equivalents to claims are within the scope of the following
claims.

What is claimed is:

1. A waveguide of a 3-dimensional interconnection struc-
ture, comprising:

a main waveguide which is formed in a predetermined

direction; and

at least one branch waveguide which connects to the main

waveguide to form a predetermined angle,

wherein the at least one branch waveguide branches an

optical signal, which is propagated in the main wave-
guide, at a predetermined rate, and

wherein the predetermined angle at which the at least one

branch waveguide connects with the main waveguide is
determined according to a structure, a refractive index
distribution, and an optical mode distribution of the
main waveguide to use characteristics in which the
optical signal which is propagated in the main wave-
guide is evanescent-wave-coupled to light output to the
at least one branch waveguide.

2. The waveguide of claim 1, wherein the predetermined
rate at which the optical signal is branched is adjusted based
on the predetermined angle at which the at least one branch
waveguide connects to the main waveguide.

3. The waveguide of claim 1, wherein the at least one
branch waveguide connects to the main waveguide in one of
horizontal and vertical directions of the main waveguide to
form the predetermined angle.

4. The waveguide of claim 1, wherein the main waveguide
or the at least one branch waveguide is made of polymer
material, and

wherein the predetermined angle is an angle of 20 degree

or less.

5. The waveguide of claim 1, wherein the main waveguide
or the at least one branch waveguide is made of semicon-
ductor material, and

wherein the predetermined angle is an angle of 60 degree

or less.
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6. The waveguide of claim 1, wherein the at least one
branch waveguide connects to the main waveguide and
another waveguide, which is different from the at least one
branch waveguide, or at least one of at least one chip in at
least one of horizontal and vertical directions of the main
waveguide.

7. An optical data bus system of a 3-dimensional inter-
connection structure, comprising:

a plurality of main waveguides which are formed in a
predetermined direction to propagate an optical signal
generated from at least one light source;

a plurality of branch waveguides which connect to the
plurality of main waveguide to form predetermined
angles; and

a plurality of chips which connect to the plurality of
branch waveguides in at least one of horizontal and
vertical directions of the plurality of main waveguides,

wherein the plurality of branch waveguides branch the
optical signal at predetermined rates and transmit the
optical signals, which are branched at the predeter-
mined rates, to the plurality of chips, and

wherein the predetermined angle at which the at least one
branch waveguide connects with the main waveguide is
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determined according to a structure, a refractive index
distribution, and an optical mode distribution of the
main waveguide to use characteristics in which the
optical signal which is propagated in the main wave-
guide is evanescent-wave-coupled to light output to the
at least one branch waveguide.

8. The optical data bus system of claim 7, wherein the
predetermined angles at which the plurality of branch wave-
guides connect to the plurality of main waveguides are set to
be different from or be the same as each other with respect
to each of the plurality of main waveguides.

9. The optical data bus system of claim 8, wherein the
predetermined rates at which the optical signal is branched
are adjusted based on the predetermined angles at which the
plurality of branch waveguides connect to the plurality of
main waveguides.

10. The optical data bus system of claim 8, wherein the
plurality of branch waveguides connect to the plurality of
main waveguides in one of horizontal and vertical directions
of the plurality of main waveguides to form the predeter-
mined angles.



